Abstract. Approximately 20-40% of hepatocellular carcinoma (Hcc) patients who undergo liver transplantation (lt) experience Hcc recurrence within 5 years of the operation. current predictors cannot sufficiently differentiate patients at risk for biochemical recurrence. the aim of the present study was to investigate the methylation status and expression levels of cell adhesion molecule 1 (cADM1) in Hcc; to elucidate its regulation mechanisms; and finally, to evaluate the potential predictive value for tumor recurrence. Aberrant hypermethylation of cADM1 was frequently found in Hcc cell lines with decreased CADM1 mRNA by bisulfite sequencing PCR. Re-expression of cADM1 was induced by treatment with demethylating agents. The promoter region of CADM1 was identified and the basal promoter activity was located in the -226 to -146 region relative to the transcriptional start site (tss). site-directed mutagenesis revealed that the consensus sp1 binding site located in the basal promoter region was important for mediating cADM1 promoter activity. Furthermore, aberrant hypermethylation of cADM1 was detected in 34 of 82 (41.5%) of Hcc tissues. the recurrence rate of the patients with cADM1 methylation was higher compared to that without cADM1 methylation (70.6% versus 33.3%; p=0.001). Multivariate analysis revealed that cADM1 methylation status (Hr = 2.788; 95% cI, 1.043-5.063; p=0.010) was an independent prognostic factor for disease-free survival (DFs) of Hcc patients treated with lt. In conclusion, cADM1 methylation may be used as a potential predictive biomarker for tumor recurrence of HCC after LT.
Introduction
Hepatocellular carcinoma (Hcc) is one of the most common malignancies in the world and annually accounts for up to 1 million deaths worldwide (1) . etiological factors for Hcc are well-defined, heavy alcohol intake, aflatoxin intake and infection with hepatitis B or C virus are important risk factors for Hcc. However, the detailed molecular mechanisms for the development and progression of Hcc remain unclear (2) . liver transplantation (lt) offers a potential curative choice for patients with early Hcc. But, recurrence of Hcc following lt remains one of the most prevalent causes leading to poor long-term survival (3) . therefore, further studies focus on identifying significant predictors of recurrence in HCC patients after lt are highlighted accordingly.
Epigenetic modification has been identified as a crucial event in carcinogenesis (4) . Remarkably, neoplastic-related DnA methylation leading to inactivation of tumor suppressor genes (tsg) is thought to be an early mechanism of human carcinogenesis (5) . Hypermethylation of the cpg island in promoter region can play important roles to affect genes involved in the cell growth, apoptosis, cell-to-cell interaction, DnA repair and angiogenesis, all of which are involved in the development and progression of cancer (6) . over recent years aberrant DnA methylation was shown to be a promising biomarker for monitoring prognosis of patients with cancer (7, 8) .
cell adhesion molecule 1 (cADM1), was recently identified as a novel tumor suppressor gene in human non-small cell lung cancer (nsclc) through a series of functional complementation analysis (9) . loss of cADM1 expression are frequently observed in various cancers, including nsclc, nasal nK/t-cell lymphoma, colorectal carcinoma and cervical cancer, especially in those with invasion or metastasis (9) (10) (11) (12) . DnA methylation has been shown to be the major mechanism for cADM1 inactivation in different types of tumors (13) . Heller et al (14) revealed that methylation of cADM1, leading to loss of its expression, is an important event in the tumorigenesis of nsclc. lung et al (15) found that cADM1 was associated with metastasis in nasopharyngeal carcinoma. In the present study, we identified the proximal promoter region of CADM1 gene for the first time. Moreover, the correlation of were enrolled in this retrospective study according to the eligibility criteria used in our previous study (16) . normal liver tissues (n=8) were obtained from liver donors during living donor liver transplantation as controls. Diagnoses were confirmed by histopathological examination. liver tissues were frozen at immediately in liquid nitrogen after resection, and stored at -80˚C. Written informed consent was obtained from each patient, and the study was approved by the local ethics committee according to the Declaration of Helsinki.
RNA extraction and real-time quantitative reverse transcription-PCR. total rnA was isolated from all cell lines using TRIzol reagent (Invitrogen). First strand cDNA was generated using the superscript III first-strand synthesis system (Invitrogen). Quantitative reverse transcription-pcr (qrt-pcr) was performed using an ABI prism 7500™ instrument (Applied Biosystems). The CADM1-specific primers are shown in table I. gApDH was used as internal control. relative expression levels of cADM1 were calculated according to the 2 -∆∆CT method (17).
5-Aza-2'-deoxycytidine treatment.
to detect reactivation of cADM1 expression, Hcc cell lines were treated with a DNA methyltransferase inhibitor 5-Aza-2'-deoxycytidine (5-Aza-dC; Sigma) at a final concentration of 10 µM for 3 days. Fresh medium containing 5-Aza-dC was changed every 24 h. total rnA was extracted as described previously.
DNA extraction and bisulfite sequencing PCR (BSP)
. genomic DNA was extracted from the cell lines and frozen liver tissues using QIAamp DNA mini kit (Qiagen). DNA samples (1 µg) were chemically modified with EpiTect Bisulfite Kit (Qiagen) according to the manufacturer's instructions. the cADM1 putative promoter region was predicted by genomatix gene2promoter software (http://www.genomatix. de/) to be from -500 to +211 relative to the tss. sodium bisulfite-treated DNA was amplified by HotStar Taq DNA Polymerase kit (Qiagen) for region (-429 to +39) of CADM1 gene. the primers are shown in table I. pcr conditions were as follows: 1 cycle at 95˚C for 5 min followed by 40 cycles of 95˚C for 30 sec, 54˚C for 30 sec, 72˚C for 30 sec, and a final extension at 72˚C for 10 min. The PCR products were then cloned into the pgeM t-easy vector (promega), with eight colonies randomly selected and sequenced.
Generation of luciferase-reporter constructs.
A 1833-bp fragment spanning from -1599 to +234 of the cADM1 promoter region was prepared by pcr amplification of the human genomic DnA using a sense primer -1599F containing a KpnI restriction site and an antisense primer +234r containing an XhoI restriction site. The purified PCR products then cloned into the pgeM t-easy vector and recloned into the KpnI and XhoI sites in the luciferase reporter vector pgl 4.17 (promega). Using this construct as the parent, pcr-mediated deletions were performed. the pcr reactions contained a similar antisense primer +234r and one of the sense primers (information of primers shown in table I). All constructs were sequenced in both directions to ensure correct nucleotide sequence. the normal liver cell line (chang liver) was co-transfected with cADM1 promoter constructs and renilla luciferase vector as an internal control, using lipofectamine 2000 kit (Invitrogen) according to the manufacturer's instructions. the luciferase reporter gene activities were measured using Dual-luciferase reporter Assay system (promega) as specified by the manufacturer. Each experiment was done in triplicate and repeated at least three times.
Site-directed mutagenesis. Based on the findings of luciferase reporter assay, mutations in the putative sp1 binding sites were created using a Quick-Change Lightning multi site-directed mutagenesis kit (Stratagene) according to the manufacturer's instructions. Using the luciferase-reporter construct (-226 to +234) as a template, three-bases change was introduced at a location -206 to -208 relative to the tss (denoted as -206 c-A, -207 g-A, -208 c-t). the three bases change was predicted by the transcription element search system (tess, University of pennsylvania) to abolish the binding site for sp1 transcription factor. primers for mutagenesis of sp1 binding site are shown in table I. Mutant construct was sequenced, and the exact sequences are shown in the relevant figure. Luciferase reporter assay was performed as described previously.
Loss of heterozygosity (LOH)
analysis. loH analysis in 32 paired Hcc tissues was determined based upon an analysis of three microsatellite markers (centromeric, D11S1885; intragenic, D11S908; telomeric, D11S1992). DNA was amplified by multiplex PCR with fluorescent-labeled oligonucleotides flanking the microsatellite markers. The information of primers in detail is shown in table I. pcr conditions were as follows: 15 min of initial denaturation at 95˚C, followed by an 11-touch-down cycles consisting of 94˚C for 20 sec, 62˚C for 40 sec (decrease 0.5˚C per cycle), 68˚C for 2 min, then 24 cycles of 94˚C for 20 sec, 56˚C for 40 sec, 68˚C for 2 min, with a final extension at 60˚C for 1 h. The PCR products were separated by capillary electrophoresis on an ABI 3130 Genetic Analyzer (Applied Biosystems). the data were collected and processed using genescan and geneMapper 4.0 software (Applied Biosystems). loH index of <0.6 or >1.7 were considered positive as described previously (18) . each loH-positive case was repeated at least twice.
Construction of the expression vector for CADM1 and Western blotting identification.
Full-length sequence of cADM1 cDnA was amplified by PCR with a panel of human lymph cDNA (clontech) as a template. primers were designed with XhoI and KpnI restriction sites in them, respectively (sequence information of primers shown in table I). Amplified fulllength fragment was digested with XhoI/KpnI and ligated into pcDnA3.1 (-) vector. the sequence of the recombinant plasmid was verified by sequencing of both strands. To detect ectopic expression of cADM1 in Hepg2 cell line, Western blotting assay was performed. Anti-cADM1 (Abcam) and anti-ß-actin (cell signaling) antibodies were used as primary antibodies, while horseradish peroxidase conjugated immunoglobulins were used as secondary antibodies. the results were visualized using enhanced chemiluminescence system (Amersham pharmacia Biotech).
Proliferation assay. Hepg2 cells seeded at a density of 5,000 cells per well into 96-well dishes were transfected with pcDnA3.1 (-)-cADM1 or empty pcDnA3.1 (-) vector using lipofectamine 2000 (Invitrogen). After culturing the cells at the indicated time points (0, 1, 3, 5 and 7 d), a cell proliferation assay was done using cell counting Kit-8 (Dojindo) according to the manufacturer's protocol. Cell viability was expressed as percentage of optical density in pcDnA3.1 (-)-cADM1-transfected cells compared with mock transfectants.
Combined bisulfite restriction analysis (COBRA).
Based on the findings from the luciferase reporter assay, methylation status of -240/+39 region including the basal promoter region of cADM1 was determined by coBrA in clinical Hcc samples. Bisulfite-modified DnA was amplified with the primers which were same to the Bsp primers to amplify -240/+39 region in which four digestion sites of taqI (new england Biolabs) were found. pcr products were digested with TaqI at 65˚C for 1 h, which recognizes sequences unique to methylated alleles but cannot recognize unmethylated alleles (19) . Digested DNA fragments were visualized on 2.0% ethidium bromide-stained agarose gels.
Immunohistochemistry analysis. the expressions of cADM1 protein in 56 paired Hcc tissues were detected by immunohistochemistry assay as described previously (20) . slides were incubated overnight at 4˚C with rabbit anti-human polyclonal antibody against the c-terminus of cADM1 (1:400 dilution; tBs/5% FBs/0.1% triton X-100; Abcam), and then stained with 3,3'-diaminobenzdine. Eventually, the slides were counterstained with hematoxylin, dehydrated and mounted. For negative control, primary antibody was replaced by rabbit immunoglobulin. Normal liver was taken as positive control. semiquantitative evaluation was performed by two investigators independently, who were blind to clinical data. to compare the expression of cADM1 in neoplastic and adjacent non-neoplastc tissue, a proportion score and an intensity score were assigned to one sample, then added to obtain a total score according to the previous study (21) .
Statistical analysis. the chi-square test was used to determine the association between epigenetic alterations and different clinicopathologic features. DFs was measured from the operation day to the recurrent day or the most recent follow-up visit before May 31, 2010. DFs rates were assessed using KaplanMeier with a log-rank test to detect the statistical differences, and Cox proportional hazard model was performed for multivariate analysis of prognostic factors. statistical analyses were carried out with spss 16.0 (spss, Inc., chicago, Il). p<0.05 was considered statistically significant. 
Results
Gene silencing and methylation patterns of CADM1 promoter in HCC cell lines. to evaluate the potential of cADM1 as a tumor suppressor in Hcc tumorigenesis, the mrnA expression level of cADM1 in 7 Hcc cell lines were detected by qrt-pcr. expression of cADM1 mrnA was decreased in all Hcc cell lines compared with that in normal liver cell line l02 (Fig. 1A) . to investigate the role of promoter methylation in silencing of cADM1 in Hcc, we treated all Hcc cell lines with 5-Aza-dC. As shown in Fig. 1B and C, up-regulated mrnA expression levels of cADM1 were found in sMMc-7721, Hepg2, MHcc-97H and MHcc-lM3, which indicates that DnA methylation of cADM1 promoter may contribute to the decreased cADM1 expression in certain Hcc cells. to further verify the relationship between the methylation status in the cADM1 promoter region and cADM1 expression level, the methylation status of cADM1 promoter was analyzed by BSP. Firstly, we analyzed the CpG island in cADM1 gene using Methprimer software (22) . one typical cpg island was found which located in the region of -652 to +252. the methylation status of 35 cpg sites located in the promoter region of cADM1 ranging from -429 to +39 were detected. As shown in Fig. 2A , abberant hypermethylation of the cADM1 promoter was observed in 4 of 7 Hcc cell lines (57.1%), in which cADM1 mrnA was decreased. However, cADM1 methylation was not detected in normal liver tissue nor in two immortalized human liver cell lines in which the expression level of cADM1 mrnA was high ( Fig. 2A) . We also investigated the methylation status in cADM1 promoter region in Hepg2 and sMMc-7721 cell lines by Bsp analysis after 5-Aza-dC treatment. The level of methylation was significantly decreased accompanied with up-regulation of cADM1 expression (Fig. 2B) . these results further demonstrate that promoter methylation directly contributes to the silencing of cADM1 in certain Hcc cells.
Analysis of CADM1 gene promoter region. to determine regulatory cis-elements that might be critical for expression of CADM1, 5'-serial deletion constructs consisting of CADM1 promoter was linked to luciferase reporter gene. As previous study has shown higher expression of cADM1 in the normal liver cell line (chang liver) using qrt-pcr analysis, we selected this cell line for transient transfection. the largest construct pgl4.17-1599/+234 as well as three other truncated constructs pgl4.17-635/+234, pgl4.17-364/+234 and pgl4.17-226/+234 displayed almost a similar level of >20-fold promoter activity over the empty pgl4.17 vector; however, there was a drastic decrease of promoter activity of >75% with the truncated construct pgl4.17-146/+234 (Fig. 3A) . these observations suggest that the fragment between -226 to -146 contains elements that confer high level of expression of the cADM1 gene in chang liver cells. thus, the most critical region for the basal promoter activity of cADM1 gene is located within the -226/-146 region. As shown in Fig. 2 , abberant hypermethylation of this region was observed accompanied with decreased mrnA expression of cADM1 in Hcc cells. one sp1 binding site was found in the proximal promoter region -226/-146 through searching for the genomatix database. to verify the role of sp1 in the regulation of cADM1 transcription, site-directed mutation of sp1 site was introduced into the construct pgl4.17-226/+234. As shown in Fig. 3B and c, mutation of the sp1 binding site resulted in 70% reduction in the promoter activity compared to the wild-type construct pgl4.17-226/+234, suggesting that sp1 consensus motif was important for mediating basal cADM1 promoter activity. A TATA box-like element (TATAAACA) was also found ranging from -245 to -238 relative to the putative tss in cADM1 gene (Fig. 3D) . the results of luciferase report assay revealed that there was no difference of promoter activity between the construct pgl4.17-364/+234 contained the TATA box-like element and the construct pGL4.17-226/+234 without it (Fig. 3A) .
LOH at CADM1 gene locus in HCC tissues. to explore other potential molecular mechanism of the down-regulation of cADM1, genomic imbalance of the cADM1 locus was investigated in 32 pairs of Hcc specimens by loH analysis. A representative genotyping profile of D11S1885 is shown in Fig. 4A . At the D11s1885 locus, 19 of 32 cases (59.4%) were heterozygous and 2 of 19 (10.5%) showed LOH. At the D11S908 locus, 11 of 32 cases (34.4%) were heterozygous and 3 of 11 (27.3%) showed LOH. The heterozygosity of the D11s1992 locus was 20 of 32 (62.5%), and 1 of 20 (5.0%) exhibited LOH. In total, heterozygosity was detected in 29 of 32 cases (90.6%), and loH at the cADM1 locus was achieved in 4 of 29 cases (13.8%). of the 4 cases with loH at the cADM1 locus, only one also showed cADM1 methylation. cADM1 protein expression was not detected in all of the 4 cases, so loH might be one of the mechanisms of cADM1 gene silencing.
Ectopic CADM1 protein inhibited cell growth in HepG2 cells. the apparently high frequency of cADM1 silencing in Hcc cell lines suggests that cADM1 may serve as a tsg in Hcc. to test the potential tumor suppressor role of cADM1 in Hcc, we introduced ectopic cADM1 protein into Hepg2 cells to investigate whether cADM1 could suppress growth in Hcc cell lines. As shown in Fig. 4B , a growth inhibitory effect was observed in Hepg2 cell line. the difference was significant on the 3rd day. On the 7th day, results showed a nearly 30% decrease in cell proliferation. ectopic cADM1 expression was confirmed by Western blotting (Fig. 4C) .
CADM1 promoter methylation and CADM1 expression in primary HCC. to ascertain whether the aberrant hypermethylation of cADM1 promoter in Hcc cell lines could be detected in primary Hcc tissues, the methylation status of cADM1 promoter was determined in all 82 Hcc tissues (including 56 paired samples). Aberrant hypermethylation of cADM1 was detected in 34 of 82 (41.5%) of Hcc tissues (Fig. 5A) . In 56 paired Hcc tissues, aberrant hypermethylation was observed in 9 of 56 (16.1%) of adjacent non-tumor tissues and 23 of 56 (41.1%) of Hcc tissues. the detection of methylation in a small number of adjacent non-tumor tissues samples might be explained by the occurrence of methylation in preneoplastic/preinvasive versions. However, cADM1 promoter methylation was not detected in any of the 8 normal liver tissues (Fig. 5A) .
Immunohistochemistry was used to investigate the relationship between aberrant methylation status and expression patterns of cADM1 in 56 paired Hcc tissue samples. representative immunohistochemical images of cADM1 expression are shown in Fig. 5B . Aberrant methylation of cADM1 was observed in 20 of 39 (51.3%) of Hcc tissues with cADM1 immunostaining negative, which was much higher than that in cADM1 immunostaining positive Hcc tissues (3 of 17, 17.6%). Then, a statistically significant correlation between promoter methylation and down-regulation of cADM1 was established in vivo (p=0.019). However, the underexpression of cADM1 without promoter methylation in some Hcc cases might be attributed to other mechanisms such as loH, and/or other epigenetic alterations.
Aberrant methylation status of CADM1 promoter is associated with poor prognosis in HCC patients treated with LT. the relationship of cADM1 methylation with the clinicopathologic parameters was analyzed in 82 HCC cases. A higher recurrence was observed in patients with aberrant methylation of cADM1 promoter than patients without cADM1 methylation (70.6% versus 33.3%; p=0.001). notably, aberrant methylation of cADM1 promoter was more frequent in Hcc cases with high serum level of α-fetoprotein (AFp) >400 ng/ml than those with low serum level of AFP ≤400 ng/ml (70.6% versus 47.9%; p=0.041). Furthermore, our results showed that aberrant methylation of cADM1 positively correlated with portal vein tumor thrombi (PVTT) (P=0.012). No statistically significant correlations were found between cADM1 methylation status and other clinicopathological findings including age, gender, tumor number, tumor size and histopathologic grading (table II) .
We were able to follow up with all 82 patients originally involved in this study. complete follow-up data were obtained, and the follow-up time ranged from 2 to 68 months. Using Kaplan-Meier method and log-rank test, the results showed that the mean DFs for cADM1-unmethylated patients was significantly longer than that for CADM1-methylated patients (32.5 versus 15.2 months, p=0.001, Fig. 6 ). DFs of patients was also positively correlated with the clinicopathologic findings including AFP, PVTT, tumor size and histopathologic table II. characteristics of the patients and distribution of data in methylated cases and unmethylated cases. grading (Table III) . These five clinicopathologic factors found to be prognostic on univariate analysis were entered into a multivariate analysis to identify independent predictors of DFS. Multivariate analysis using the Cox proportional hazards model revealed that cADM1 methylation status (Hr=2.788; 95% cI, 1.043-5.063; p=0.010) and serum level of AFp (Hr=2.065; 95% cI, 1.020-3.409; p=0.016) were independent prognostic factors for DFs of Hcc patients treated with lt.
Discussion
In the present study, we described that cADM1 was frequently inactivated by promoter hypermethylation in Hcc, both in vivo and in vitro. loH was another possible mechanism for transcriptional regulation. We also identified the proximal promoter region of CADM1 gene for the first time. Furthermore, the methylation status of cADM1 was associated with the clinicopathologic parameters and recurrence of Hcc. To our best knowledge, this is the first study to investigate the relationship between the methylation status of cADM1 and the clinicopathologic parameters in Hcc patients. cADM1 was initially identified as a tumor suppressor gene by its suppressor activity of tumor formation in BAlB/c athymic Foxn1 nu/nu mice (9) . In the present experiment, ectopic cADM1 expression in Hepg2 cells resulted in suppressed cell growth supporting the notion that cADM1 may function as a tsg in Hcc. silencing of cADM1 by aberrant hypermethylation has been reported in various cancers, including nsclc, nasopharyngeal carcinoma, breast cancer, esophageal carcinoma and cervical cancer (9, 14, (23) (24) (25) (26) . In our study, a relatively large number of 35 cpg sites was evaluated to get more detailed methylation profile of CADM1 promoter in HCC cells (Fig. 2) . The detailed analysis undertaken has established a good correlation between cADM1 silencing and aberrant hypermethylation in Hcc. notwithstanding contributions by other mechanisms, such as loH (13.8%), our data indicate that promoter methylation is a major mechanism for silencing of cADM1 during Hcc carcinogenesis.
to further explore the potential mechanism relevant to the transcriptional regulation of cADM1 in Hcc, the most critical region for the basal promoter activity of cADM1 gene has been identified. Previous studies revealed that Sp1 was a critical factor in the transcriptional regulation (27, 28) . our results of site-directed mutation assay suggested that the consensus sp1 binding site plays the primary role within the cADM1 promoter (Fig. 3) . recently, some reports demonstrated that methylation of the sp1 consensus motifs and adjacent cpg sites might block Sp1 binding and transactivation (29, 30) . thus, hypermethylation of sp1 binding site and adjacent cpg sites may directly reduce sp1 recruitment, therefore leading to a decreased cADM1 expression in Hcc. tAtA box was once believed to be an essential component of core promoters, which is challenged by advanced studies (31) . A consensus tAtA element does not appear to be a major determinant of either tAtA box binding protein binding or gene expression throughout the genome in yeast. thus, tAtA box may not be a critical factor for determining promoter activity even when it is found in a core promoter of some genes (31) (32) (33) . In the present study, the results of luciferase report assay indicated that the TATA box-like element in CADM1 does not play a primary role for promoter activity. considering the location of the TATA box-like element, it was far relative to the TSS, and there was a single mutation compared to the consensus sequence of tAtA box tAtA(A/t)A(A/t)(A/g) (34); the TATA box-like element in the region of CADM1 promoter maybe not a bona fide TATA box. the purpose of promoter region analysis was to acquire the most critical region for basal promoter activity of cADM1 gene, so then we can focus on this region to get a real status of methylation in the Hcc clinical samples. In the present study, we confirmed that the DNA hypermethylation at core promoter and putative sp1 binding site was wellcorrelated with the aberrant cADM1 expression in primary Hcc samples. there is emerging evidence that methylation status of cADM1 is associated with clinicopathologic features and prognosis in various cancers (12, 14, 24) . Murakami et al (35) demonstrated that aberrant hypermethylation of cADM1 was significantly associated with a shorter DFs, providing an independent prognostic factor in the patients with lung adenocarcinoma. our data demonstrate that methylation of CADM1 was significantly associated with AFP, PVTT and tumor recurrence in patients with Hcc. Furthermore, cADM1 methylation provides an independent prognostic factor for DFS. Those findings raise the possibility that CADM1 methylation may serve as a hopeful biomarker for monitoring HCC recurrence.
In conclusion, our data revealed that epigenetic silencing of cADM1 through methylation is an important event in the pathogenesis of Hcc. the prognostic potential of cADM1 biomarker may provide the physician with better knowledge on HCC recurrence in LT patients. More accurate risk prediction may help individualize follow-up strategies, e.g. the frequency of follow-up, or it may be an aid when interpreting increasing AFp. However, underlying mechanism of tumor suppression by CADM1 is not clarified yet in HCC, further investigation will be required.
